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Waste Isolation Pilot Plant (WIPP) Transuranic Program

The Waste Isolation Pilot Plant (WIPP) transuranic repository remains a cornerstone of
the U.S. Department of Energy's (DOE) nuclear waste management effort. Waste disposal i
operations began at the WIPP on March 26, 1999 but a requirement of the repository license W
is that the WIPP needs to be recertified every five years for its disposal operations. The =
‘WIPP received its second recertification in November 2010 and a third recertification is in /
process. Research by the Los Alamos Actinide Chemistry and Repository Science team [1-4]
is centered on the speciation of key actinides under WIPP-specific conditions to improve the
robustness of current models and quantify the conservatisms in the current assumptions
being made is continuing.

Plutonium, for most of the duration of repository performance (10,000 y), is the most
important actinide from the point of view of potential release as well as public perception
and concern. Overall, the ranking of actinides, which has not changed since CRA-2009, is: « Second Recertification granted by the EPA in

Pu~Am>>U>Th>>Np=Cm November 2010; the third recertification (2014) is
From the point of view of oxidation state, rather than nuclide, the ranking with respect to now underway.
release is:

Status of the WIPP Project

* 14+ years of safe operation until February 2014.
* 21 waste storage sites in the US cleaned up

* Over 10,000 TRU shipments received

« Over 78,000 m? of waste emplaced

« Six panels are full and panel 7 is being filled

« Emplaced waste will contain approximately 10,000
kg Pu and 51,000 metric tons of iron

« Repository is in a prolonged shutdown as of
An(III) > An(IV) >> An(VI) >> An(V) February 2014 until two safety issues are resolved.

Herein we summarize new data that support the safety case for plutonium containment,
specifically as Pu(IIT) and Pu(IV) species, in the WIPP repository. In this recertification
cycle, longer-term Pu-Fe interaction studies were completed, thorium solubility studies in
brine were performed, and the performance assessment (PA) approach to define the
contribution of colloids to the actinide source term was re-examined and updated. These
recent data [1-5] continue to extend our understanding of high ionic-strength actinide
chemistry.

* Truck fire safety incident on February 6, 2014
* Small release of Am/Pu on February 14, 2014

SAFETY CASE APPROACH FOR PLUTONIUM CONTAINMENT

The core safety case for the containment of plutonium in the WIPP is the self-sealing property of the bedded salt formation.

This self-sealing is relatively rapid (a few hundred years or less) and will permanently isolate the TRU waste. Under this Updated Pu Inventory Data
scenario, geologic isolation is achieved since the repository will not likely saturate leading to essentially no significant release of
TRU.
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* The approach used to specifically model plutonium behavior, should brine-inundation occur, was established for the initial In the WIPP safety case, the reliance is on the site geology, and not the
license application and has been reviewed/accepted by the EPA regulator three times (initial license and two recertification survivability/ integrity of the container, to attain TRU waste isolation. The
reviews). The key features of this approach are: Plutonium | Activity in Ci Mass in Kg iner is to aid shipping and I
0 Once self-sealing occurs, the repository will rapidly become anoxic and the reduced iron phases will establish a m;mw 60"2"'8:-:.:;“;: p ;‘7/";'_;';“])
strongly reducing brine chemistry environment. This is augmented by microbial processes that also remove oxygen B 574<10° (284) | 9.13%10° (76.3)
and may reduce metals/actinides directly. py 175410°(8.6) | 762 (64)
o Pu(V) and Pu(VI) do not persist in the WIPP due to these reducing conditions. It is, however, recognized that they :"“ ""’3*'”; (28) 1638 0 o . .
may be present as transients due to radiolytically-induced localized oxidizing zones. }‘: ﬁﬁ??.'ﬂffm 32:;‘i0§'7°’ Scientific Challenges for Pu in the WIPP environment
0 The oxidation-state distribution of plutonium is fixed, by expert opinion, to be Pu(III) in ~50% and Pu(IV) in ~50% T Total Mass.
of the PA vectors. This is considered to be a conservative assumption because Pu(IV) should predominate and Kg) 1) Establish the oxidation state distribution of Pu under WIPP-
Pu(IlI) is ~ 10 times more soluble. B R e related conditions
0 The concentration of mobile plutonium species is determined as the solubility of Pu(IIT) and Pu(IV) phases and the MgO (Engincered Barrier) 5.14x107 2) Measure the oxidation-state specific source term: Solubility and
corresponding colloidal species that are iated with each oxidation state. Organic Ligands (Citrate) 7810 idal species
0 Th(IV) is used as an oxidation-state invariant analog for Pu(IV). Am/Nd(III) are used as the oxidation-state Organic Ligands (EDTA) 3761107

invariant analog for the solubility of Pu(III). In both cases, the Pitzer model is used to calculate solubility and these
model calculations are confirmed by site-specific solubility measurements.

Plutonium Redox Chemisiry in the WIPP Plutonium Solubility and Speciation in the WIPP
Under the expected conditions in the WIPP, plutonium is predicted to exist predominantly as . L i L
Pu(III) and Pu(IV) species. In the performance assessment, it is assumed that Pu(IV) exists in all The solubility of is using a of Am(I11)/Nd(I11) data and Th(IV) data as analogs. Current
“oxidizing” vectors (50% of the time) and Pu(III) exists in all “reducing” vectors (also 50% of the ‘WIPP-specific calculations are shown below. The speciation of Pu(III) will be dominated by EDTA/Citrate complexation and
time) — see table and notations below. the assumed concentration of these organic complexants defines the current predicted solubilities. This is confirmed
There are two redox pathways that will sustain lower plutonium oxidation states that are likely experimentally in our Nd** studies. The solubility of thorium(IV) is not significantly affected by pH and the range of
to occur in the WIPP should brine inundation occur. These are reduction of higher-valent carbonate and organic complexants expected in the WIPP. Plutonium concentrations expected are however 100 to 1000 times
plutonium by reduced iron (Fe(0) or Fe(Il)) and indirect or direct effects of microbial activity. In lower in Fe dominated systems. Strong association with very fine Fe phases is there appears to be a greater tendency towards
the presence of reduced iron, we have shown that reduction occurs under all anoxic conditions colloid formation with Pu (vs. Th). Plutonium studies are underway to further evaluate the colloidal contribution and overall
5
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